ABSTRACT
Introduction
Angiogenesis is a physiological or physiopathological process involving the growth of new blood microvessels from preexisting capillaries 1 , induced by a range of chemical factors, some of which are related to genetic changes, termed angiogenic and antiangiogenic factors.
Propolis is a resinous substance that honey bees collect L-Lysine is a strictly essential amino acid required for collagen synthesis, tissue growth and repair, and production of antibodies, hormones and enzymes. Patented by Nicolov, the process uses L-lysine to extract propolis, making it possible to obtain a range of compounds with pharmacological action in a practical, watersoluble form.
Researchers have reported anti-infectious 3 , antiinflammatory 4 , immunomodulatory 5, 6 , antitumor 7 , antioxidant [8] [9] [10] and antimetastatic 5 effects of WSDP. The discovery of the anticarcinogenic effects of propolis encouraged efforts to identify, isolate and synthesize constituents of propolis and to study their effects and mechanisms of action, including artepillin C 11 , caffeic acid 12 , caffeic acid phenethyl ester 13 , and in the present study,
we used an in vivo model to evaluate the effect of intragastric administration of green propolis (in the form of WSDP) on angiogenesis in BBN-induced rat bladder cancer.
Methods
The experiment was previously approved by the Ethics Committee for Animal Research under protocol # 03/06 and was carried out in accordance with the guidelines of the Animal
Testing.
The study used 92 five-week-old female Wistar rats accommodated in polyethylene cages (5 or 6 per cage) at 22°C
with a 12/12-hour circadian cycle. The animals had access to food (Biobase ® pelleted ration) and water ad libitum.
Experimental procedures
The exclusion criteria were presence of carcinoma with extensive necrosis, autolysis or failure to develop carcinoma.
The analysis included 49 animals. Microvascular density was determined for 31 (six animals from Group 1 and five animals from each of Groups 2, 3, 4, 5 and 6). See experimental design N-butyl-N- [4- 
Antioxidant activities
The freeze-dried propolis WSDP and the ethanol extract of propolis in natura in concentrations of 1000, 250 and 62.5 ppm were evaluated for DPPH (1,1-diphenyl-2picrylhydrazyl) radical scavenging activities and compared with the controls for vitamin C and Trolox (a water-soluble derivative of vitamin E).
L-Lysine
The amino acid L-lysine monohydrochloride 
Image acquisition and quantification of angiogenesis
Images of histological samples were acquired in standard fashion using a light microscope (BX4, Olympus Optical Co. Ltd., Japan) fitted with a digital camera (C7070 Wide Zoom, Olympus
Imaging America Inc., USA). The procedure included an initial scan of the tumor at 40X magnification in order to identify areas with increased vascular density (hot spots) 16 . Three hot spots selected for each tumor were then color-scanned at 200x magnification. Images were saved as Windows ® bitmaps measuring 512 x 384 pixels (1 pixel = 24 bits, RGB color scheme). Images were processed with a morphometric analysis software developed specifically for this purpose 17 . The system was previously adjusted to the color spectrum produced by the staining techniques employed. This step enabled the software to automatically identify and segment (single out) blood microvessels in both full images and user-defined regions. However, interactive segmentation (making changes in segmentation parameters) remained an option whenever the automatic mode was deemed inadequate. Following segmentation, the software provided the microvascular density of areas of interest ( Figure 3 ). The area density was calculated by dividing the area of microvasculature by the total area analyzed. 
Descriptive statistics
The quantitative variables were initially analyzed with 
Results

Characterization of propolis
The lyophilized propolis was submitted to highperformance liquid chromatography (HPLC) and quantified (Table   1 , Figure 4) . 
Discussion
The chemical composition of propolis is strongly dependent on the flora in the area where the hive is located, bee type, climate, temperature and season 19, 20 .
The dose chosen for our experiment (150 mg/kg body weight) was based on previous studies by other researchers investigating the anticarcinogenic effects of WSDP extracted from propolis collected in Minas Gerais 5, 7, 8 .
Comparisons between measures of microvascular density in Groups 1, 2, 3 and 4 show that tumor angiogenesis was significantly inhibited in Group 4 (propolis), in contrast to Group 2 (L-lysine) and Group 1 (controls receiving BBN only).
Although Group 4 displayed a lower density than Group 2, there was no statistically significant difference between Group 2 and Group 1. Since Group 2 is statistically similar to Group 1 and both differ from Group 4, and considering that propolis in Group 4 was extracted with the aid of L-lysine, two observations may be made:
propolis inhibited angiogenesis even when L-lysine was used in its extraction, and L-lysine apparently did not affect microvascular density in this tumor progression group, nor did it counteract the effect of propolis (Group 4). Three amino acids have been described as promoting bladder cancer, namely DL tryptophan, L-leucine and L-isoleucine 26, 27 . This and the fact that WSDP is extracted with the aid of an amino acid led to the inclusion in this study of a group treated with L-lysine. In fact, to our knowledge, no other study on WSDP has included a control group receiving L-lysine. Moreover, this is the first report of the effects of L-lysine on BBN-induced bladder cancer.
It is intriguing that, although the dose of L-lysine in Group 2 is twice that in Group 6, angiogenesis was not stimulated.
Is this because the dose was different, or were the angiogenic effects observed in Group 6 due to the gene expression of a more aggressive and thus more invasive and faster-growing tumor, effects produced by L-lysine during initiation/promotion of carcinogenesis of the bladder epithelium? In paper accept for publication, based on the same experimental model shows that L-lysine was able to stimulate carcinoma multiplicity and invasion in BBN-induced rat bladder cancer 28 .
Another important observation is that while the present findings indicate a significant angiogenic effect of L-lysine in Group 6, this effect did not overcome the inhibitory effect of propolis on angiogenesis in Group 5, although the amount of L-lysine in the propolis group was the same (150 mg/kg).
Celecoxib, a selective Cox-2 inhibitor has been shown to effectively decrease tumor angiogenesis and reduce tumor growth of a variety of experimental primary tumors 29, 30 . Celecoxib reduced microvascular density (positive control Group), but the difference was not statistically significant in relation to negative controls (Group 1).
Conclusions
Green 
